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Abstract
Based on the idea that the components of a cosmological metric may be determined by the total
gravitational potential of the universe, the scalar field φ = 1/G in the Jordan-Brans-Dicke (JBD)
theory is introduced as evolving with the inverse square of the scale factor. Since the gravitational
potential is related to the field φ resulting from Mach’s principle and depends on time due to the
expansion of space, this temporal evolution of the field should be in accord with the evolution of
time and space intervals in the metric tensor. For the same reason, the time dependence of the
field makes these comoving intervals relative for different points on the time axis. Thus, it has
been shown that introduction of the cosmic gravitational potential as a time dependent scalar field
which decreases with 1/a2 in the coordinate-transformed Friedmann-Lemaitre-Robertson-Walker
(FLRW) spacetime, may resolve flatness, horizon and late-time accelerating expansion problems in
the standard model of cosmology. The luminosity distance vs redshift data of Type Ia supernovae
is in agreement with this approach.
I. INTRODUCTION
The standard model of cosmology is based upon the
Einstein’s field equation that can be derived from the
Einstein-Hilbert action and the Friedmann-Lemaitre-
Robertson-Walker (FLRW) metric that represents a
space-time in which space expands with the scale fac-
tor and time is absolute for all observers. While the
right hand side of the field equation is designated by the
energy-momentum tensor Tµν , the left hand side is de-
termined by the geometry of space-time or simply by the
Einstein tensor Gµν
Gµν = Rµν − 1
2
Rgµν = 8piGTµν (1)
where G is the Newton’s gravitational constant. Further-
more, the most general form of the FLRW metric without
any perturbation, which is used to draw a basic picture
for the standard relativistic cosmology, is written as
ds2 = −dt2 + a2( dr
2
1− κr2 + r
2dΩ2). (2)
The curvature parameter of space, in Eq.(2), is repre-
sented with κ and corresponds to k/R20. R0 is the current
value of the radius of the universe (subscript 0 denotes
today’s value of any cosmological parameter and c = 1
unless it is stated explicitly throughout the manuscript)
and k is −1, 0, 1 for open, flat and closed universes respec-
tively. By using the FLRW metric for the field equation,
one obtains the Friedmann equation
H2 =
(
a˙
a
)2
=
8piG
3
ρ− κ
a2
. (3)
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Here, H is the Hubble parameter whose current value
is H0 = (67.4 ± 0.5) km/s/Mpc according to the latest
observation[1] on the basis of the ΛCDM cosmology. An-
other important and fundamental equation, the continu-
ity equation, is derived from the conservation of energy-
momentum tensor ∇µTµν = 0 as
ρ˙+ 3
a˙
a
(ρ+ p) = 0 (4)
with the solution ρ(t) = ρ0a
−3(1+w) for an equation of
state p = wρ. Based on this relation, while the matter
density of the universe ρm ∼ 1a3 , the radiation density
ρr ∼ 1a4 in which extra 1/a factor comes from the red-
shift of photons due to the expansion of space. Photons
arriving us today from distant stars and galaxies, are
red-shifted by
z =
λob − λem
λem
, (5)
and the relation between the scale factor and the red-shift
is
a(t) =
1
1 + z
. (6)
By measuring the red-shift of photons and the lumi-
nosity distance of standard candles like Type Ia super-
novae, it is possible to determine how fast the expansion
of the universe is, and to make inferences about essen-
tial quantities such as the age and the energy content of
the universe. One can also get alternative forms for the
Friedmann equations by adding some exotic constituents
as a dark energy term into the action in order to make a
theoretical model in accord with the observational data.
Another way is to modify the action with the coupling
of a scalar field to the geometry of space-time or to mat-
ter fields[2] depending on the frame chosen (the Jordan
frame or the Einstein frame respectively).
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2In the standard model of cosmology, luminosity dis-
tance is given by
dL(z) = (1 + z)
H−10√|Ωκ0|Sk
(√
|Ωκ0|
∫
dz′
E(z′)
)
(7)
where Ωκ0 is today’s value of the density parameter for
curvature, and E(z) =
[∑
i
Ωi0(1 + z)
ni
]1/2
contains all
types of energy contributions.
In the last two decades, it has been unveiled that
the expansion rate that is predicted by the standard
model, does not fit the observational data of Type Ia
supernovae[3][4] when only matter and radiation contri-
butions are taken into consideration. According to the
data, the expansion is accelerating. To solve this prob-
lem, as a dark energy term, the cosmological constant Λ
has been introduced to the right hand side of the Fried-
mann equation. However, this type of solution brought
its own problems such as the cosmic coincidence[5] and
the cosmological constant[6][7] problems. In the for-
mer one, with ”coincidence” it is meant that the era
in which the cosmological constant dominates the evo-
lution of the universe, matches up with the period of
time we start to make observations. The latter is about
being of the cosmological constant many order of magni-
tude smaller than the value estimated in particle physics.
Even though some approaches[6][8] have been suggested,
they are found inconclusive and so the problems still re-
main unsolved.
In order to explain the late-time accelerating expan-
sion, alternative gravity theories like scalar-tensor theo-
ries in which a scalar gravitational field is non-minimally
coupled in the action, have been proposed. In the Jordan-
Brans-Dicke (JBD) theory[9][10], which is one of the fa-
vored scalar-tensor theories, a scalar field has been in-
troduced with a motivation based on Mach’s principle
stating that inertial forces on a body are originating from
gravitational effects of the matter distribution in the uni-
verse. Mach’s principle and naturally the JBD theory are
two motivations for us to modify the FLRW metric. The
following relation in which only time dependent parame-
ter is the radius of the universe R, contains a connection
between the gravitational potential of the universe and
natural constants such as G and c
GM
Rc2
∼ 1 (8)
where M is the total mass of the universe. According to
Brans and Dicke, this relation was not a coincidence and
they argued that there should be at least one other time
dependent parameter so that Eq.(8) has an explanation.
In their opinion, the most suitable one is the gravitational
constant G, and the relation (by taking c = 1 again) is
1
G
= φ ∼ M
R
. (9)
We will develop a different approach by starting with
the same relation in Eq.(8) in order to find a solution for
the late-time accelerating expansion, the flatness and the
horizon problems. Last two of them are usually solved
by imposing the inflation theory[11][12]. The inflation-
ary era, at the very beginning of the big bang, is also
necessary to explain the formation of large scale struc-
tures and the anisotropy in the cosmic microwave back-
ground radiation (CMBR). However, in this manuscript,
the main focus will be solving basic problems of the stan-
dard model mentioned above thanks to the modification
of the FLRW metric and the time dependent scalar field.
II. TRANSFORMED FLRW METRIC
The starting point is the perturbed metric because
of the presence of a point-like source. For an energy-
momentum tensor whose trace of spatial part vanishes,
perturbations on time and space can be set to take the
form
ds2 = −(1− 2Gm
r
)dt2 + (1 +
2Gm
r
)(dr2 + r2dΩ2). (10)
On the metric components, the effect of potential term
is quite apparent. It alters time and space intervals for
a space-time point by reshaping the metric components.
These intervals are relative and dependent on the posi-
tion of an observer. On the other hand, the same rela-
tivity does not exist in the FLRW metric in which space
is expanding physically. In other words, space is created
with time and there is only one type of time passing with
the same pace since the very beginning of the universe.
However, we live in a universe full of matter which means
in a way that the cosmological spacetime intervals in the
metric should be formed by a potential term originat-
ing from the matter distribution. Since this potential
term changes with time due to the expansion of space,
our relative space and time intervals should also change
according to any other observer standing on a different
point on the time axis. So, there should be two kinds of
time interval. One is comoving and the other one is phys-
ical time just as for spatial intervals. One can perform
a coordinate transformation to get back into the FLRW
space-time in which a physical time coordinate is used,
but some arguments, in the following sections, will be
presented about why we should keep using the comoving
one. In addition, if the matter distribution is assumed
to be homogeneous, the potential and the related scalar
field should be independent of spatial coordinates.
To explain the relation in Eq.(8), the JBD theory pro-
poses that the gravitational constant G is a time depen-
dent parameter as mentioned in the introduction. There
exist research papers[13][14][15][16] providing constraints
on the possible variation of G with time based on differ-
ent observational techniques. It is also known from the
Shapiro delay[17] that the speed of light seems to slow
down near an astrophysical object in the coordinate sys-
tem of an observer who is infinitely far away from the
object. Hypothesizing the speed of light as time depen-
dent will lead to inconsistencies. However, it can safely
3be chosen as relatively changing among coordinate sys-
tems. For a cosmological scenario, in this way, while the
speed of light is a universal constant for all observers in
their comoving coordinates, its value relatively changes
for observers separated by time. The future and past
light cones will be different than in the standard FLRW
metric. This change in light cones will result from relative
cosmological space-time intervals. By taking the argu-
ments and the observation mentioned above into consid-
eration, we select 1/G = φ as in the JBD theory. Thus,
the perturbed metric in Eq.(10) can be put in the follow-
ing form by ignoring higher order terms
ds2 = −(1− 2δφ
φ
)dt2 + (1− 2δφ
φ
)−1(dr2 + r2dΩ2) (11)
where δφ = m/r. The metric form in Eq.(11) is valid for
a region outside a point-like source and can not define a
spacetime point inside the universe. The point of view
which must be emphasized, however, is any such δφ can
be regarded as a perturbation which is normalized with
respect to φ (i.e., |δφ|  φ) and it inversely affects time
and spatial intervals as in the Schwarzschild metric which
is an exact solution of the Einstein’s field equation for
vacuum.
When we look at any point in space, we are looking
back in time which means we are getting photons from an
era in which the value of φ is bigger than the value today
due to the expansion of space. The difference in the field
φ or the expanding space causes photons arriving us to be
red-shifted. The time dependent scalar field must be in
accord with the red-shift phenomenon i.e., the expansion
of space. Furthermore, since, in Newtonian mechanics
gravitational force is given by
~F = −m~∇φ, (12)
in the general relativistic cosmology the field φ may take
part in the metric tensor to be able to define gravitational
force in a purely geometrical way as done by Einstein.
At this point, to construct a cosmological metric whose
components are determined by the scalar field as in the
case of Eq.(11), it is better to choose φ = φ0/a
2 in order
to embed the time dependence into the metric as the
scale factor. Since the scale factor increases with time,
φ will be decreasing correspondingly. If one wants to
write a cosmological metric which covers the properties
above, after normalization with respect to today’s value
of φ, i.e., φ0 it should have the following form which
can be called as the coordinate-transformed or shortly
transformed FLRW metric
ds2 = −dt
2
a2
+ a2
(
dr2
1− κr2 + r
2dΩ2
)
. (13)
At this point, it may look like that 00 component of
the metric is the only and a simple coordinate transfor-
mation compared to the standard FLRW metric. It is,
however, more than that because the meaning behind
the metric components has been also changed. There is
no absolute time and space intervals for observers sepa-
rated by time. They can be measured relatively because
of the time dependence of the field φ. Length and time
intervals do not vary in a way one is used to think for
the standard FLRW metric. Contraction and expansion
of space-time intervals are what we are experiencing in
our comoving coordinate system for the past and the fu-
ture. Furthermore, whenever an observation takes place,
it must be considered as being performed from a new co-
ordinate system because of decrease in φ with time. This
is more appropriate and meaningful interpretation for a
cosmological metric constructed based on the principles
of the general theory of relativity.
In the case of a point-like source Eq.(11), light cones
shrink a bit in the past, depending on the magnitude
of δφ, compared to that of the background metric. In
the cosmological case, a light cone at any time in the
past where φ is bigger, seems much more open in our
comoving coordinate system. These two seem to contra-
dict with each other since we are considering a space-time
point in which the fields is relatively bigger, in both cases.
However, while δφ changes with the spatial coordinate r
in the first case, it is the time coordinate which assigns
the coordinate system in the latter one. So, their effects
are opposite on the metric components and this is the
reason behind this apparent contradiction.
III. MODIFIED FRIEDMANN EQUATION
Since the standard FLRW metric has been coordinate-
transformed, it is necessary to make all basic calculations
for the new metric tensor. At this point it must be again
emphasized that one can always make a coordinate trans-
formation between comoving and physical time with the
relation dt/a(t) = dt′ to get back to the FLRW metric.
Although solutions for both metric tensors will be math-
ematically equivalent, we continue with the transformed
one (one written in comoving time) not to hide the ef-
fect of the field φ on time intervals. It is better to start
with the action which has the same form with that of
the JBD theory in which the kinetic term of the scalar
field is present and the scalar field non-minimally cou-
ples to the Ricci scalar. Because of the energy content of
the universe coming from matter and radiation densities,
LM is also added as in any general relativistic Lagrangian
density. So, the action and the field equation, after vari-
ational principle with respect to gµν is applied, have the
following forms respectively
S =
1
16pi
∫
d4x
√−g(φR− ωgµν ∂µφ∂νφ
φ
+ 16piLM ),
(14)
4Rµν − 1
2
Rgµν =
8pi
φ
Tµν +
1
φ
(∇µ∂νφ− gµνgαβ∇α∂βφ)
+
ω
φ2
(
∂µφ∂νφ− 1
2
gµνg
αβ∂αφ∂βφ
)
,
(15)
where
Tµν = − 2√−g
δSM
δgµν
. (16)
The same kind of variational procedure can be followed
with respect to φ to obtain
R+ 2
ω
φ
gµν∇µ∂νφ− ω
φ2
gµν∂µφ∂νφ = 0. (17)
After Eq.(15) is contracted with gµν
−R = 8pi
φ
T − 3
φ
∇µ∂µφ− ω
φ2
∂µφ∂
µφ, (18)
and substituted in Eq.(17), one ends up with the equation
of dynamical quantity φ as
(3 + 2ω)
φ
gµν∇µ∂νφ = 8pi
φ
T . (19)
In order to see how the matter and the radiation densi-
ties of the universe evolve with time, one may look at the
continuity equation. Since the divergence of the energy-
momentum tensor vanishes individually[18] in the JBD
theory, it is obtained by using the transformed FLRW
metric for ∇µTµν = 0 or simply by making a transfor-
mation for time coordinate in Eq.(4). Since this equa-
tion does not change under coordinate transformation,
the matter and the radiation densities evolve with the
scale factor as in the case of the standard FLRW met-
ric. Pressure of ordinary matter (or dust) pm = 0, and
pressure of radiation pr = ρr/3, so the energy densities
evolve as
ρm =
ρm0
a3
, (20)
ρr =
ρr0
a4
. (21)
From the extra 1/a factor in the evolution of the radiation
density, it is easily seen that the wavelength of a photon is
again proportional to the scale factor in the transformed
FLRW metric. So, the relation in Eq.(6) is still valid.
Calculations for Ricci tensor components and the Ricci
scalar are straightforward and they are
R00 = −3
(
a¨
a
+
a˙2
a2
)
, (22)
R11 =
a¨a3 + 3a˙2a2 + 2κ
1− κr2 , (23)
R22 = r
2(a¨a3 + 3a˙2a2 + 2κ), (24)
R33 = r
2 sin2 θ(a¨a3 + 3a˙2a2 + 2κ), (25)
R = 6
(
a¨a+ 2a˙2 +
κ
a2
)
. (26)
By using Eq.(22)-Eq.(26), the Friedmann equation and
the pressure equation are first obtained as
H¯2 = a˙2 =
8pi
3φ
ρ− a˙a∂0φ
φ
+
ωa2
6
(∂0φ)
2
φ2
− κ
a2
, (27)
−2a¨a−3a˙2− κ
a2
=
8pi
φ
p+a2
∂20φ
φ
+3a˙a
∂0φ
φ
+
ωa2
2
(∂0φ)
2
φ2
,
(28)
then thanks to the scale factor dependence of the scalar
field, i.e., φ = φ0a2 , they are simplified to(
−1− 2ω
3
)
a˙2 =
8pi
3φ
ρ− κ
a2
, (29)
(−3− 2ω) a˙2 = 8pi
φ
p+
κ
a2
. (30)
As a new and more suitable parameter, the Hubble pa-
rameter is defined as H¯ = a˙ since vphy = a˙rphy in our
framework. On the basis of Eq.(29), one may conclude
that while the matter density dominates the current evo-
lution of the universe, it is preceded by the spatial cur-
vature and the radiation density. In addition, the scale
factors for matter, radiation and curvature dominated
universes are found as a ∼ t2/3, a ∼ t1/2 and a ∼ t1/2
respectively. These power-law solutions may not seem
interesting because they are the same solutions, except
the one for the curvature dominated era, in the stan-
dard model of cosmology. However, it should be remem-
bered that these solutions are obtained in our comoving
time coordinate. In other words, while spatial intervals
are expanding, time intervals will be getting smaller or
contracted with the scale factor in the current scenario.
Their combined effect can not be distinguished from the
accelerating expansion of space when calculating the lu-
minosity distance of a type Ia supernova. Instead, as it
is stated before, one may get back to the FLRW metric
to use the physical time dt′ = dt/a(t) and obtain solu-
tions a ∼ t′2, a ∼ t′1 and a ∼ t′1 for matter, radiation
and curvature dominated universes in that order. Now,
it is more obvious that the space undergoes a linear ex-
pansion in the era dominated by the curvature and the
radiation density, and an accelerating expansion in the
matter dominated one. However, we will stick to using
the comoving time or the former interpretation to avoid
the impression that the ordinary matter or any other
form of matter results in an accelerating expansion of
space. In addition to that, it would be a bit strange to
5use a physical time while using a comoving space coordi-
nate.
In order to determine the constant ω, since pr = ρr/3
for radiation, one can take advantage of Eq.(29) and
Eq.(30) to write(
−1− 2ω
3
)
a˙2 +
κ
a2
= (−3− 2ω) a˙2 − κ
a2
, (31)
and ω is found
ω = −3
2
(
1 +
κ
a˙2a2
)
= −3
2
(
1 + 4
t20
R20
)
= −3
2
(1 + α)
(32)
where α = 4
t20
R20
which is a constant as it can be checked
by using the scale factor of the radiation dominated era
for κa˙2a2 . In addition, it must be positive so that Eq.(29)
makes sense. In other words, our model supports only
the closed universe scenario and ω is a negative constant.
Hence, the Friedmann equation becomes
H¯2 = a˙2 =
8pi
3αφ
ρ− κ
αa2
, (33)
and it differs from the original one with the definition of
the Hubble parameter and the time dependence of 1/G
which will be very helpful when solving the flatness and
the horizon problems.
Finally, covariant derivative in Eq.(19) which is the
equation obtained from the variation of the action with
respect to φ, can be expanded like
− (3 + 2ω)
φ
(a2∂20φ+ 4a˙a∂0φ) =
8pi
φ
T, (34)
and once the relation φ = φ0/a
2 is substituted, it results
in the acceleration equation as
a¨a =
3
3 + 2ω
(
4pi
3
(ρ+ 3p)
φ
− κ
a2
)
. (35)
The same acceleration equation can be derived by taking
derivative of Eq.(33) as well. Furthermore, based on our
model, acceleration of the universe depends not only on
the trace of the energy-momentum tensor but also on the
spatial curvature which is not the case in the standard
model of cosmology.
IV. SOLUTIONS TO FLATNESS, HORIZON
AND LATE-TIME ACCELERATING EXPANSION
PROBLEMS
Based upon the original Friedmann equation, the ab-
solute value of the curvature density parameter |Ωκ| =
| − κa2H2 | = | − κa˙2 | increases with time in the matter and
the radiation dominated eras. Since its today value is
nearly zero, or negligible[1][19] compared to other den-
sity parameters, it must have been extremely close to
zero at very early times. Curvature parameter k = 0
is an unstable point and any slight deviation will grow
rapidly. So, the initial condition had to be fine tuned to
k = 0 and this is named as the flatness problem in the
standard model of cosmology. On the basis of the modi-
fied Friedmann equation, however, the curvature density
parameter decreases with time in the matter dominated
era and is constant in the radiation dominated era. It
can be checked on the newly defined
|Ωκ| = | − κ
αa2H¯2
| = | − κ
αa2a˙2
|. (36)
This substantial change in the evolution of |Ωκ| is actu-
ally a solution to the flatness problem.
Now, we continue with the solution of the horizon prob-
lem which is simply to understand how it is possible for
the CMBR to be nearly homogeneous for all parts of the
sky while the comoving observable universe is much more
bigger than the comoving particle horizon by decoupling
(the period of time in which photons decouple from com-
bining protons and electrons and start to travel freely in
space). For the solution of this problem, the comoving
horizon must have always been smaller than the comov-
ing scale of decoupling period or must have decreased at
some point in the evolution of the universe to lie inside
the scale if it has left the scale at the first place. Since,
in the transformed FLRW metric, a null path taken by a
photon which is the fastest way of interaction, is
R0Sk
(
R−10
∫
dt
a2
)
= R0Sk
(
R−10
∫
da
a2H¯
)
, (37)
the time dependence of the comoving horizon can be de-
termined as (aH¯)−1 once Eq.(37) is integrated. As a so-
lution to the problem, the following relations show that
the comoving horizon has always been inside the comov-
ing scale of decoupling because it is constant in the ra-
diation dominated era and decreasing with time in the
matter dominated one.
d
dt
(aH¯)−1 ∝ d
dt
(t1/2t−1/2)−1 = 0 (38)
d
dt
(aH¯)−1 ∝ d
dt
(t2/3t−1/3)−1 =
d
dt
(t−1/3) < 0 (39)
When constructing the transformed FLRW metric,
based on the arguments presented in the introduction,
the idea was that the evolution of the field is given by
1/a2. At this point, the time dependence of φ can be
derived by taking an integral over all the contributions
coming from the observable universe. The quantity to be
integrated is
dφ =
dM
rphy
(40)
where dM = 4pir2phy
ρ0
a3(1+w)
drphy. Since the physical dis-
tance taken by the gravitational effect of a shell of dust (it
6travels with the speed of light) for a general scale factor
a ∼ ts is
rphy =
∫ t
t′
dt′′
a(t′′)
=
ts0
1− s (t
1−s − t′1−s), (41)
the field at a point in space is calculated with the integral
φ = 4piρ0
∫ t
0
dt′
a3(1+w)+1(t′)
∫ t
t′
dt′′
a(t′′)
. (42)
Thus, by using t3s(1+w) = t2 based on the Friedmann
equation, one finds
φ =
4piρ0t
2
0
2s(1 + s)
(
t
t0
)−2s
. (43)
Eq.(43) confirms that the field falls as 1/a2 which agrees
with our motivation. The result of the integration
demonstrates that the type of energy content does not
matter. The relation in Eq.(43) is valid in every situa-
tion.
In cosmology, providing luminosity distances of super-
novae in terms of the red-shift of photons, is an impor-
tant theoretical competence which any successful theory
should have. By using the ratio of flux to luminosity
F
L
=
1
(1 + z)2A
, (44)
the relation for the luminosity distance is found
dL = (1 + z)R0Sk(χ) (45)
where A = 4piR20S
2
k(χ), F is flux and L is the actual
luminosity of a standard candle. For an expanding space,
flux must be reduced by a factor (1 + z)2 due to the red-
shift of photons and the dilution of their number in space.
This is the reason why we have factor of (1+z)2 in front of
the comoving surface area A. In our theoretical model,
the same luminosity distance formula in Eq.(7) can be
obtained with a totally different energy content relation
dL(z) = (1 + z)
H¯−10√
α|Ωκ0|
Sk
(√
α|Ωκ0|
∫
dz′
E¯(z′)
)
(46)
where E¯(z) =
[
Ωm0(1 + z) + Ωr0(1 + z)
2 + Ωκ0(1 + z)
2
]1/2
.
When the curvature and the radiation densities are ne-
glected, Eq.(46) is simplified to
dL(z) = (1 + z)H¯
−1
0
∫
(1 + z′)−1/2dz′. (47)
The data published by the Supernova Cosmology
Project[20] can be used to test the conformity between
the observation and the theory for the late-time acceler-
ation. Based upon our model, indeed, the expansion of
space is not accelerating because the power of the time
coordinate in the scale factor is smaller than one for all
eras. In the transformed FLRW metric, however, time
FIG. 1.
intervals are contracted with time as well. So, the com-
bined effect corresponds to an acceleration in the stan-
dard FLRW metric. Since, in general, the redshift vs.
distance modulus graph is more common among cosmol-
ogists, we prefer to use the following form of the distance
modulus µ
µ = m−M = 25 + 5log10( dL
Mpc
) (48)
where m and M are apparent and absolute magnitudes
of an astronomical light source.
In Fig.(1), as dots represent the Type Ia supernovae
data, the fitted curve is the relation between the red-
shift and the distance modulus which is predicted by the
theory. The best-fit is achieved for a closed universe
with Ωκ0 = −3.40 × 10−7, α = 0.67 and H¯0 = 70.12
km/s/Mpc. Note that the parameters which go into this
fit, are the ones which naturally arise in the JBD theory.
There is no need to add any energy source other than the
matter and the radiation densities.
The age of the universe is another parameter which
gives some constraints for a theoretical model and is cal-
culated by measuring the Hubble parameter. One can
make an estimation about its value just by regarding the
evolution of matter, radiation and curvature. Thus, the
age of the universe is given by
t0 =
∫ 1
0
da
H¯0
√
(1 + aeqa−1)Ωm0a−1 + Ωκ0a−2
(49)
where aeq is the value of the scale factor at which the mat-
ter and the radiation densities are equal. For a closed uni-
verse, the value calculated from Eq.(49) based on best-
fit parameters, is smaller than the age calculated in the
ΛCDM cosmology. So, our model seems to contradict
some astrophysical constraints[21] related to the age of
oldest stars. However, Eq.(49) gives the amount of time
elapsed in the comoving time coordinate. The physical
time which is the actual age, is calculated as∫
dt
a
=
∫ 1
0
da
H¯0
√
(1 + aeqa−1)Ωm0a+ Ωκ0
. (50)
7Now, for the best-fit parameters, a bigger value, 27.6×109
years, is found in comparison with the ΛCDM cosmology.
So, even the oldest stars had enough time to be in their
present phase.
V. CONCLUSION
In order to build the approach presented in this
manuscript, one of the main motivations is the relation
indicated in Eq.(8). It is a simple but an important rela-
tion because of the connection between the gravitational
potential and the scalar field φ = 1/G in the JBD the-
ory. More significantly, however, it is the idea that the
scalar field could be affecting the time component of the
FLRW metric as it does as a potential term in other
circumstances in the general theory of relativity. Since
there is possibly a time dependent scalar field related to
the gravitational potential of the matter distribution, it
seems obvious that our space-time intervals must be rel-
ative among coordinate systems if this field changes with
time. So, based on this, we have made use of the connec-
tion in Eq.(8) to select the JBD scalar field proportional
to 1/a2. Then, the FLRW metric has been coordinate
transformed to add the concept of relative space-time to
the new metric form. Once the metric is constructed, it
is straightforward to do all basic calculations like finding
the Ricci tensor components, the Ricci scalar and the
Friedmann equation. Solutions for the flatness and the
horizon problems naturally come into the picture without
any further modification apart from the one mentioned
above. Lastly, it is shown that the luminosity distance vs.
red-shift data of Type Ia supernovae is in agreement with
the prediction of our approach. The best-fit values for the
Hubble parameter, the curvature density parameter and
the JBD constant are given as H¯0 = 70.12 km/s/Mpc,
Ωκ0 = −3.40 × 10−7 and ω = −3/2(1 + 0.67) ≈ −5/2.
Although the scale factor for the matter dominated uni-
verse is still given by a ∼ t2/3 and there is no accelerating
expansion in our comoving time, the combined effect of
the contraction in time and the expansion in space in-
tervals makes supernovae to be observed dimmer in our
comoving coordinates. Among them, the last one is the
most important success of this new approach in compari-
son with the standard model. There may no need for the
cosmological constant or any other form of dark energy
in this theoretical model to conform with the supernovae
data. Embedding the time dependent scalar field of the
JBD theory into the Friedmann equation as in this paper,
may present solutions for the problems of the standard
model of cosmology such as flatness, horizon, and the
late-time accelerating expansion.
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